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TRERI D AREE RERDOARBE

4:Add "3"
as child

UL AESEZ R L
/—R6ZAELTEM

* 2:Add "A"
as child

I—h/—REFTONRRZZNZNIE—L.
1DRIICOE—Ue/—RzFHe LTBMULIc/ — REERT 2.

U336 U00b0d3:buugubbobugooboouooobobooonon

RSBl DAKEIE RERDAREE

U ABEZER L
/—R6ZAE LTEM

FEORWN/ — K RREREELBEV/ —R) &
TTOAREEEHTT 2.

3700004 00000bbboooon
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gbbggbogbobuoboboogbobuoobbodbbooobboobaoboa
gbbooodbooobuoobbodbooboboobboobooboboobood
gbboogobugbbooobbodboobbuodobooobogobobooooboon
gbooobuodgbboobobodboobbodoboobobuooboboobood
gobobooogbbbuoooobbbooogobbbuoooobood

RERTDOAKEE RERDOAEE

1EHE -~ #HUSABEZERL -
‘ /—R6ZEAEL LTEM '\
EHROME o _> )
2%BE |
X

HUWARBSEZER

1

0010

U 38 0u0uudobobouodgnobbodd
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3.3 Ut

gbbggbogobobboobbooboobboobobobooboouobog
gbbogoogobbooboooobboobbooooobooboooboon
gobobbbuoobobbuoooobbbooobboooobbbuoooboboboo
gobbboogobbbooobobobooodgon 3.9

EQ/—RZI—rEULTRTD
FERLS TV EATEDS

0 3.9 0ugggbbbuooobobooogn

O000O00000oOoobOoOOo0o0ooooooboDbDDHaskell DO IODDODOOOOO
O0000000000OHaskel OO OO OOOOOOODOOOOODOOODOOOSTMODO
oogoooSTMOOOoOoDOoOOooooooooboooooobooooooooboooST™
gbbodbooobdobboobboobobobobabooooobboobood
oosSTMOOSTMOOOOOOOOOOOOoOoOoDoOOooooooosSTMbOoOOooo
O000000000000000 atomically OO0 OO0O0O0O0OOOOOOOOOODO
O0000D00OODatomically OO0 D0OO0OOODOOOOOO IO0OOOODOOOOOO
gbgobogbogboooboobobuoobbbbuooboobooobboobon
gbobobobobobboboooogbobobobobobobobobobo
gbbobboboobbuoobbuoobbuobuoobbuobooboobooobobood
goboboooogn

e OUUO0OLODDOUOOODLDLDODUOUDLDDLDUOOUDLDDLDbDOUOOLODLDbDDOOO
gobooboooooboo

e OO DLDOOODLDOOODLDDDUOUODLDUOODDLDOOOLDDLOOOO0
gooo
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STMOOOOOOoDOoooooooooooboboooboooooboobooogoo
gbboogbobuogbboobobuoobbuoobbooboooboboobood
gobboboooobbboogobbobooodn
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40 HaskellUODUOOODOOOOOO
HREEN

gboooooboobobob JungledOOobOooboooOobbooobobDboOonDO
gobbbooodgbbbuoooobbbuooobobbouooobbboooobob

4.1 000000000 Jungle

O00000O0ODO0OD00O0O Jungle O0Haskel OO0 O00OO0OODOODOOODOOOO
O0ooooooDOoOooooobobAPIODODDOOO
Jungle OO0 O0OO0OO0O0OOOODOODOOOOOOOO

1. 00000000 JungleODODODOOJungle DOOOODOODOOOO

[\)

SJungle OO0 O0O0OO0OOOODODOOOO
. 0booogbobuoooobbboooobbboooobood

4. 0Dgo0bOoobOobboOobooboobooboobon

Jungle 0O 000

Jungle 000000000 OOODOODOODOOOOOO 4.1

Jungle

tree_name_1 g tree_name_3 g

tree_name_2 tree_name_4

0 4.1: 00000000 Jungle
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gbbggbogoobboobboboobboobbooooboonobooboa

ooo
createJungle 0 O Jungle 00O 0O0OOO
00000000 OcreateTree O O OO O O createTree O O O createJungle 0 0O 0O OO

Jungle DO OOO0OOO0OOOOOO

[y

jungle <— createJungle
2 | createTree jungle "name ,0f new tree here"

Doobo0d 41 0b00booboob

gooobog

O00oOoboobooboobOo JungleDODOOOOODOODOOOOOOODODOO
gbbodbobobboobboboobooboboobbuoobboobbooon

4.2[1]

Jungle

Tree

treeName : test_tree
rootNode : B

test_tree

042 000000

O000O0O0O0DOO AplOODOOO
getRootNode DU OO0 OD0OO0OO0O0OO0OO0OO0OOOOOOODLOODODODOODO
gbooboobobobobo4200b00boBOobboobooboooboobDon

1 [node <— getRootNode jungle "your jtree name here"

oboobo0 42 000000000000

00000000 APIODOO NodeOOOODOO NodeOOOOOOOODOODO Node
000000000 o0odoooooooDooooooDooDoooooooooDoon

updateRootNode 0 0 000000 DODO0OO0OODODODOOOOODOOOOOODOOO

updateRootNode 0 [0 00 00 0O OgetRootNode 0 0 O 00D OOOOOOOOOOOOOMO
oooooooo

1 | updateRootNode jungle "your tree name here" node

gboobodg 43: 00000goon
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updateRootNodeWithO OO OO OO0 O0O0OO0OO0OOOOOOOODOOOOOODOOO
O000ODOO0oOoDoooobobOoooooooooDooooooooboobooooa
updateRootNodeWith O O 0O 0O 0O 0O O O OgetRootNode 0 O O O OO O O updateRootN-
ode00000O0O00ODO atomically OO OO OOOOOOOOOO

1 | updateRootNodeWith func jungle "your tree name here"

oboobobd 44 0000b0o0obooboobo

gooo

O0D0000ONode DODODDOODODOO APIDOO NodeOODOOODO Node
000000000000 DO0DO0DbO0Ob00OOgetRootNode DO ODOODOOO Node O
0000000000000 0DO00O00DLO0OD0ODO00DO0ODbDODODODOODO APT
00000 updateRootNode 0 D D 0O OOODOODOOOO updateRootNodeWith [
000000000000 00O0D0oDOOo0OO

000000000000 00D00ONodePath D0O0O0D0OOONodePath OO OOOOO
0000000000000 0DO000DLO00DO0DO0000D0OD0OD Haskell DODO
O000000O000oooooooood

NodePath [1,2,3]

0 4.3: NodePath

addNewChildAt 000000000000 DOOOOOaddNewChildAt O 0 O Node O
NodePath OO OO DOOO Position OO ODODO0OOODOOODDOOOOOOODODOOO
gobbooogbon

1 ’[ new_node = addNewChildAt node [1,2]

gboogbod 450000

deleteChildAt OO OO 0OOOOOOOOOOdeleteChildAt O O O Node O NodePathO
OOO0OO0O0OO0 PositionO Qoo
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1 ’[new,node = deleteChildAt node [1,2] 0
goooon 46 0000

putAttribute 0 0000000000 O OO OputAttribute 0 0O O Node O NodePath[
KeyO Value 0 O 00 Key O Stringld Value O O ByteString O 0 O O

1 ’[new,node = putAttribute node [1,2] "key" "value"
gogoboboo 4 0goonbon

deleteAttribute D 000000000 OOOOOdeleteAttribute O O O Node O Node-
PathO Key O O OO

1 ’[new,node = deleteAttribute node [1,2] "key"
goooon 48 00000

gooo

O000D00 Node OOOOOOOODOODO APIDODODOOOOODOODODODO

godg
getAttributes DO OO0 Path OO DOOO0O0OO KeyOOOODOOOODOO

1 ’!bytestring = getAttributes node [1,2] "key"

gboogod 49 00000

OO NodeOOODOOODOOODOODOOODOOODOOODOOODDOODOgetChildren
U0000 NodeOOOODOOOD NodedDODOODOOODOO

1 ’[nodelist = getChildren node [1,2]

000000 410: OO0 NodeODODODODOOO

OO0 NodeOOODOOODOOODOODOODOODODOODODOODODOODDOODOgetChildren
000000 Positiond OO0 DOOOassocsChildren D0 OO0 Node DOOODOOODO
Position 00O OO0OOOODOOOOOODOODODOOO

1 ’[nodelist = assocsChildren node [1,2]

O00000 411: 000 NodeOODOODOO Position 0 OO

OO0 NodeOOODOODOOODOOODOODOOODODOODOODOODOOassocsAt-
tribute DO OO0 Node UODOOOODOOOOKey O Value DOOOOOOOOOODO
goboooogo

1 ’[attrlist = assocsAttribute node [1,2]

000000 4.12: OO0 NodeO OO O Attribute d Key O Value D 0 O
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numOfChild D0 O0O0OO0 Node OOODODOOODOODOODOOOO

1 ’!num = numOfChild node [1,2]
000000 413: 000 NodeODOOOODODODOO

currentChild O OO 0O0O0O Node DODOODOODOODOODOOODO

1 |node = currentChild node [1,2]
000000 414: 000 NodeOODOOOGOOO

gooo

ooboooooon JungleDODOOODOOODOOODOOOOODOOODOOOOODOO
gobbuoodgbbobuooobbbuooobbooooboboooobobuoooboboog
gbobbbooogbbbuoooobbbuooon
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4.2 000000000 Jungle OO0
oooo

O0D0O0O0OHaskell 0O OOO0OO0OD0DOOODOHaskel DOODOO0OO0OO0O Glasgow
Haskell Compiler (GHC) OOOOUOGHC OUDHaskel 0O OO0O0O0O0O0O0OOOOOO
0000 2000000000 MonadOOODODOOODOODODOOOODODOOOOOO

goooo

O0ooooooooon JungleOODOOOOO0ODODOOOO TreeOOOOOOODOTree
gobbboogoobobooodgbobod

Jungle 0000 Tree DOO0O00O00OO0Jungle 00000000 0OOODOODOODO
gboooboobobbobbodbONode OO oonboonDO

U 41: 00000

00 00

Jungle 00o0ooooooooon

Tree 0000000000 O0o0oDOoOoboobooon

Node OO000bO0b0o0O0o0obOOoooboDOobOobooo
RootNode | OOODO0OOO0OO0OOOJungle OO DOODOOOOO0OOO0ODOOOO
children 000000000000 000DO0DbO000
attributes KeyO Value 0O 0O00O0O0OO0OOOOOOOOOOOO

4.2.1 Jungle

Jungle 0O DO ODOODOODOODOOOOOOOOOOODOODOODLOODODODOO
gobobooogoboon

goboobog

Jungle 0000000 DOOOHaskell 0 DataMap DO OO OOOO

Haskel OO OO OODOOO0OOODOOOODOODOOODOOODOO DataMapOO oo
O00O0OHaskel DO OO0ODOOODOODOOODOOODOODODOODDOODOODOODO
gbboogobuogbbbuoobbodboobbuooobboobooobuoobobod
O000000O00o0O0o0O000oboobO0ooooooOoobooboOoboIobDOoOoo
O0000000000oooooOoOoO0DataMapODOOOOOOO O(logn) D000
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O0000000000 Haskel OOOOOOOOOOOODOOOOODOOOO (STM)
gbbodgbbogbooboboobbuoobbuoobboobbbboooobod
Oo0oobooboobOobouoooooboooooosST™MObOOooooboobogo
oooooooooooooosTMOOOOOOoOoOooobooooooooooobooboo
gobboboogoobbbooooobo

4.2.2 Tree

JungleOOOOOOO0O0OOOODOOO TreeOOODOODOOOODOODOODOOTree O
000000000 bo0oboooboobooboooboO JungleD0D0OO0OODOO
Jungle 0000000000000 0O0O0OO0ODO0O0O0OO0TreeODO0ODOODODODO

ggooobbbobobobooobbbobbbtoddoooouoouobbobouog
000000000000 000O Haskell DODOODOODODODOOODODOODOO
(STM) DOODOOODOOOOOTVar 0000 OO Transactional variables 0 0 O O STM
guoooooooobbboood

1 | data Tree = Tree
{ rootNode :: (TVar Node)
3 , treeName :: String }

UooDod 4.15: TreeOODDOOOOO
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4.2.3 Node

Node DODO0OO0OOOD0OODOOODOOODOODOODOODOODODOODO
Childeen OO0 O0O0O0O0OD0O0ODODOOODOODOO 4.4

"name" => "toma"
l|agel| => |l24||
"lab" => "kono-lab"

0 4.4: NodeODOOODOO

Children 0 00O Attributes d Data.Map OO OO OO0O0OO0O0OO0O0OOOOODO 4.1611

data Node = Node
{ children :: (Map Int Node)
3 , attributes :: (Map String ByteString) }

N =

000000 4.16: NodeODOODODOODOO
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4.3 Haskell(O OO OO

O0D00000 Haskel DOODOOODOOOOODOOODOOODOODOOOODOO
gobbooobobobuooobboooobbooobobboooobbbooooboboa
O000booboob0obooooboobooo0boUbHaskel DOODODOOODOODO
gobbooobobboooobbooobobobuooobobobuooobobooooboboa
deepseq OO0 DO ODO0ODO0ODOOOOOOODOODOODOOOOOODODODODOOO

Haskell OO OOOOOOODODOODODOODODOODOOODOODODOODOODOODO
goooo

O00b00O0oobooUob EvalDOOOODOOOOEval DOOOO0O000O0ODO
gogggooboobbbbbbobbbobbbbbobouoouduoooooooon
Eval 0O0O0O0O0OO00OO0OO0ODOOO0ODOO0OODOO0bOO0U0bDPr0boobboobDOonO
OO00000ooboobooboobDdbEva 00000000 ooooooooonogon
gobbboooobbbuogoobbbooobobobuoooobbbooobooon

HaskelUODOOOOOOOODODODODOOOOOOODOODODODODOOOOODOODO
goboobooodn

4.4 Haskell 00000

Java 0O OO Jungle DO00O0O0O0O0ODOO0OODOOODOO 30000000 30000000
goooo

O00 Haskel OO DOO00D00D0O0O0O0OHaskel DOO0O0OO000OO0OODOOOOO
gbobooobuogbbbuoobbogboobbuooboooobooobuoobobod
gbbooobuodgbboobuooodboobbooboobobodobobooboobn
O0Haskel OOOOOOOOOOODOODOODODODODODOOOOOODOODOODO
goboboo

gbogbuogboobooboobJwva D00 ooboobOooboobooo
googo
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st doodtd

O0o00booobo0bo0ooboobooD JungleDOOOODOOOOODOODOODOODO
gdbodobboboboobooboobbobboobbJavadbbgoboonDO
gobbboodoobbodoodaoo

5.1 OOODOOOO

gbbogobuogbbogbuoobbuooobobuoobobooobbooboobbo
b s51000d

051 000000000000000DO

oo | 00
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz * 2
ogoodo 12
ooodo 24
Memory 126GB
OS Fedora 14

gboboooboobobg JungleDOOOOoonDooOoOoboOobOobLOoOobDOO
gboboobooboboobobobu0 JavabOO0O0OOO0OOODOOOOODOODOO
gbboogbobodgboboobobuogbbooboobobuoobbooboboon
gobbod

Haskell 000 Java OO QOOOO

Haskell 000000000 The Glasgow Haskell Compilerd GHCO O 0 0O 0O 0O O GHC
O0OHaskel OO ODOOO0OOODOOOOOOOODOOOODODODOOOOODODOOOO
0000000000000 000000000000b0D0O0 HaskelOOODOOOO
oood

Haskel OO0 Java OO0 O OO0OODO 520000
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0 5200000000000 Haskell JavaOO O OO0

IEEN 0DO00O00 |

Haskell Glasgow Haskell Compiler, Version 7.6.3
Java | Java(TM) SE Runtime Environment (build 1.7.0_51-b13)

gobobooodn

gbobbodgbogbooboobbuoobbouoobbodbooobooboba
gbgbogobooobobuoouoobboobooboobobobuoobbooboon
gobbbooogbbbuoodobobbboodobbbuoooobboooobbob
Oobooboooooboogoboooo oSoooobooboooobD TecepobooOoO
gbooogboobooboboimoogboboobobobboobobobobobgb
gobooboobooboooogoooSObobuobobobooooooDbOoo
OOOODOHTTP Keep-Alives D OO0 OO0DODOOO TCPOODOOOOOOOODDOO
oooSbOOobooooooouoboboboboooboobbooboobooboobobobogo
ooopooooSooooboooobbooobooOoon
ooboooooooSobooooobooboobboooboobooooboboOobog
gbobobgobooboobobbobuoobooboobooboboboboooboo
OOooobooobogoonedfileedb000oooboboooobooooooboobobogn
gbgobobbobbooboobooboob

1 ’[ $ ulimit —aH

gbobobog sl 0b0booggbbbuooogb

gbobboooobbbuoooobbbooaooboo

1 ’ $ sudo sh —c ulimit —HSn 200000

gbobobog s2.0000000b0b0buo0g0gb

goodoooboobobbbbbootodooooooooboobba
/ete/security /limits.conf 0 0 0000000000

1| * soft nofile 200000
2| * hard nofile 200000

gbooobod s3: 000b000goon

000000000 ListenOODOOO0OOOOOLsten 0000000 ODOOOOODOO
gbobobobobobobobboboboboboboboooboobobobo
O00000oo00bobooobobOooooboooobOobodlisten DODOOOOO
gbgobgbboboobooboobooboobob
Jetc/sysctl.econf 000000000 OO0O
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fs.file—max = 5000000
net.core.netdev_max_backlog = 400000
net.core.optmem_max = 10000000
net.core.rmem_default = 10000000
net.core.rmem_max = 10000000
net.core.somaxconn = 100000
net.core.wmem-_default = 10000000
net.core.wmem_max = 10000000

9 | net.ipv4.conf.all.rp_filter = 1

10 | net.ipv4.conf.default.rp_filter = 1

11 | net.ipv4.ip_local_port_range = 1024 65535

12 | net.ipv4.tcp_congestion_control = bic

13 | net.ipv4.tcp_ecn = 0

14 | net.ipv4.tcp-max_syn_backlog = 12000

15 | net.ipv4.tcp_max_tw_buckets = 2000000

16 | net.ipv4.tcp_mem = 30000000 30000000 30000000
17 | net.ipv4.tecp-rmem = 30000000 30000000 30000000
18 | net.ipv4.tep_sack = 1

19 | net.ipv4.tcp_syncookies = 0

20 | net.ipv4.tcp_timestamps = 1

21 | net.ipv4.tcp-wmem = 30000000 30000000 30000000
22 | net.ipv4.tcp_tw_reuse = 1

23 | net.ipv4.tcp_tw_recycle = 1

00N O Ui W

Doobod sS4 000000000

goboboooobbbuoooobobboooobbbuooooboboa

1 ’[ $ sudo sysctl —p /ete/sysctl.conf

ggooboobo ss: gabbob

ggoobboooooouobobbooouoobboooobooooobbbooo
TCp/IPOOCODO0OO0OOOOOOOOOOOOOOODOODDODODOOOOOOOOO
gobobooogoboon

gbobooobuogboobbodboobbooboobbooobuaoboonbobg
O0Oo0O0o0obO0boo0b0obo0obOob0bORubyd PythonDOOOOOUOOoOOOO
gbbodbboobbogoobbooboboobooobooobobbuoobbo
gobobooooboboan

weighttp

J0O0000000b0o0b0bDO0O0ndweighttpd OO OO weighttpd Web O O O
000000000000000CPUNDODOOOODOOO BJ0000lLivevOOOO
gbooobooobobbtooobooobooooobbooobooobobooboon
O0000O00O0O0DOO0OO000O0Apache Bench O httpref 00O O0OO0O0OOOOOO
gobbbooooboboooobobod

weighttp 000000000 OOO0OOOOODOODOODOOO

1 ’[$ weighttp —n 1000000 —c 1000 —t 10 —k "http://bldsvi2.cr.ie.u-ryukyu.ac.jp:3000"

000000 5.6 weighttp O OO
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goooboobdoboob gRLbOoooobooboboboobooobooooobooo
en. . HITTPOOOOODOO

ec..UggnonoboooobbOOn

ot .. UOUOOODODOOOOODODOD

e k... HTTP Keep-Alives 000 OO0
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5.2 UUOUOOOOOOO

OO00ooooDoboooog JungledDODOOOOOOODOODDO

gooo

OoboooobodbOJugle D0 O00O0OO0OO0ODOOOOOODOODOOODOOO
OOJungle 0O 0OOODOO0ODOOODODOO0ODOOODODOODOOODDODOODDOOODO
gbobbuoodgbbbooobbooobbooobobboo sgoboobooon sod
gobbbooogobobodad

gbbogobuogbdgboobobuogbbodgb oot obbuodgbbogbbbd
gbbogobbboobuoobbodboobbodbbooobuoobboobobobon
gobboooobbbuoooobbbuooobbboooobbbooan

gooo

OO0o0O0oOoDbOobooon0 JungleO0OODOODOOOOOOB3000O

cpUOOOOODOODODOODOOOOODOODOODODODODOODOODOODODO
gboboobobooboboo200000b 179001200000 10770000
OboboooboBboooboobdlntelDO0OODOO0OO0OOODOOODOODOOO
gbboboobbobooobuooboboboobobobboobbuoobbobood
gboogobodbogobboooboobbooboobbobobooboobbon
O0000000000000020%00000000000000000000000
goboggobobouisabobogobbuoil2uggobooooobooobobood
gobbboogobboooobobbooodon

U s53: 00000aoon

CpUO | ODDODOO
1 59.77 s
2 33.36 s
4 15.63 s
8 8.10 s
12 5.55 s
16 5.65 s
20 5.23 s
24 5.77 s
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gboodgoogoagosiggogboobogbogbogbogoaobaoooo
1200000000000000000 98.96%000000000000000 Jungle
gobbboooobobbooogbobobooooboboooobo

Usl:0000000ooon

T —
jungle read —
linear —-~<---

speedup
o

| | | | |
2 4 6 8 10 12
number of cpus
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5.3 UUUoooood

OO00ooooDoboooog JungledDODOOOOOOODOODDO

gooo

OOooooboobOdObDJungle J0O000O0OOODOODODODODOOOOOODOODOO
Oe0bdobooobD 10000 b0oobooobO JungledDOooooonO 1,000
gbbooodboboobuoooobuoobbooboobboobooobuoobobod
J0000b00b0b000ob0o0b00o0bb00OU0bUOHaskel DOODDOOODODOO
gobbooogbbbuoooobbbooobbboooobn

gooo

OO00ooooDbobooboon JungleOOODOODOOOOOO 400000

cepUOOOOODOODODOOODOOOOOODOODODODODOODOODOODODO
gobbobbouoooggobbobo2bbbod 15001200000 3860000
goooboooboooboboooboobuoob JungleDODDOOO0DDbDOODOODOO
goboobbobuoooobbboooon

gbgbuoggooboboooobouoooboobobonoooboobooo

Us4 000000000

cpUDO (DODODO
1 52.68 s
2 33.92 s
4 20.11 s
8 1531 s
12 13.62 s
16 14.92 s
20 18.62 s
24 16.63 s

gobogobogodgbs20bobgobbooubbuoonoboooobono 4bDd
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application counter request = function counter
where
function = routes $ pathInfo request

routes path = findRoute path routeSetting

findRoute path [] = notFound
findRoute path ((p,f):xs)

9 | path ==p =1

10 | otherwise = findRoute path xs

0N O Utk W

12 | routeSetting = [(["hello"], hello),
13 (["hello","world"], world)]

15 |notFound _ = return $
16 responseLBS status404 [("Content-type", "text/html")] § "404"

18 | hello - = return $
19 responseLBS status200 [("Content-type", "text/html")] $ "hello"

21 | world counter = do

22 count <— lift $ incCount counter

23 return $ responseLBS status200 [("Content-type", "text/html")| $
24 fromString $ show count

26 | incCount counter = atomicModifyIORef counter (\¢ —> (c+1, ¢))
28 | main = do

29 | counter <— newlIORef 0
30| run 3000 $ application counter
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